Abstract. The traditional two dimensional (2D) pattern making method for developing female body armour has a negative effect on the ballistic protective performance as well as the comfort of the wearer. This is due to, unlike the male body armour, the female body armour manufacturing involves different darts to accommodate the natural curvature of the female body, i.e. bust area, which will reveals the weak parts at the seam and stitch area while ballistic impact. Moreover, the proper bra size also plays an important role not only in bra design but also in the design of a women's ballistic vest. The present research study tried to propose the novel 3D designing approach for developing different volumes of breast using feature points (both bust surface and outline points) in the specific 3D adaptive mannequin. Later the flattened 3D bra patterns of this method has been also compare with the 2D standard pattern making in order to modify and match with 2D traditional method. The result indicated that the proposed method which conceives the 3D patterns on the 3D bust is easier to implement and can generate patterns with satisfactory fit and comfort as compared to 2D patterns.
Introduction
In today's scenario many law enforcement agencies have made it mandatory for their officers to wear ballistic vests while on duty. Meanwhile in order to be worn by the officer, the vest generally should be designed in such a way that it has to be properly fitted with proper material which has a better resistance to projectile penetration, reasonably light in weight and flexible. Different data also shows the number of women joining law enforcement work has been steadily increasing across the world. For example, in the United States according to Bureau of Justice Statistics (1993) in 1970 among all the members only 2% were women but the number has been increased to 7.6% in 1987, 9% in 1991, 12% in 2007 and 2011and 15% in 2015 [1] . However, most pieces of body armour are designed to be worn by men otherwise traditionally designed women armour which can often result uncomfortable and illfitting when worn by a female body. Moreover, unlike male body armour, design and manufacturing of female body armour encounter problems due to the curvy body shape of females. In order to accommodate the bust area different methods such as traditional cut-and-sew with dart, stretch folding Using the different tests of various parameters, an optimum values has been obtained to form the natural plane of origin of the bust. Later as shown in figure 3 using this plane and 3D mannequin the curve of intersection have been defined. However, in order to manage the volumes of the breast and conceive an adaptive bust, different reference point shall established on the surface of the bust. To achieve this coordinate at the origin of bust point has been duplicated in both X and Y axis by rotating with different angles (75, 50, 25 and 90 degree) which finally give different new planes of coordinates as shown in figure 4 and 5. The intersection curve between those new coordinate planes and the bust surface were identified as shown in the figure 7 and 8. The required feature points have been located on the intersection of the horizontal and vertical profile while making mesh on the bust surface. Generally two kinds of points have been developed as indicated in figure 9. One the outline point which lays on the outline surface of the bust to determine the size and another point on the surface of bust with the intersection of vertical and horizontal profiles for governing the breast volume. Mesh on the bust surface Figure 10 and 11 shows the different individual line drawn from the central point of the bust to the outline and surface reference points. This line will be considered as a guideline for the direction of the reference points from the origin of the bust. In addition, the curve which corresponds to the various corset sizes also created on the line of centre front plane indicated on Figure 12 and after translated on to the plane of origin of bust (shown in Figure 13 ). As you can see from figure 14, in reference to the translated curve for various corset sizes it was clearly shown that the conceived 3D mannequin laid on the size 90B. The 3D design of bra starts with by determining some reference points which is directly marked on the 3D mannequin bust as shown in figure 15 . The 2D patterns are used to define the cleavage, style line and dart points which is necessary to conceive a bra. These parameterized points and their corresponding profile allows to manage the volume of the chest for a given morphology of the woman breast. Concerning the bra design in virtual reality, the most important marked point allowing the precise location of bra on the mannequin body defines the beginning of bra cup profile which was validated in the 2D pattern. Later considering the curves drawn to connect the above marked points to the centre of the chest separately, the curves are created by linking the correct points. The set of four different curves makes a region shown in figure 15 . In order to assume the 2D shape of the bra it was necessary to create the different regions based on these curves seen as the contours of appropriate elements of bra shape. The mesh (figure 16) has been built on the surface of the mannequin regions and then easily flattened into 2D to compare with traditional 2D patterns.
Result and discussion

Developing different volumes of Adaptive bust on a 3D mannequin
After getting the good value of bra, we now tried to determine different volumes of breast with reference 90B size mannequin by projecting both the bust surface point and outline points. This will creates the new corresponding point using the prolonged function and value of the parameter. Defining and naming the different prolonged points makes it easier to determine a reference to the point and realizing corsets of varying volume. For example, Table 1 has shown the parameters to determine the 95B size with the value of 5.5mm for all outline bust point and approximately 10mm for the different surface bust points. The result of the above parameter can be seen in figure 15 and 16. However if you see the conceived adaptive bust based on the different prolonged point with the given parametric value, some part of the surface in uneven which needs to be corrected.
Table2. Adjusted prolonged point value for adaptive 95B size bust As shown in Table 2 and Figure 17 , by changing the parameter on that particular area, HC4, it is also possible to achieve a smooth and even surface. Normally the involvement of number of reference point to realize the better and smooth surface of the adaptive bust should be large enough. However, it is also pretty tedious to individually change the parameter of each point to get the good value of the bust. It is always good to change few reference points to change the surface and volume of the entire bust. This will definitely speeds up the trial and error process in order to conceive the right surface for the new volume breast. This can be achieved by relating the different point with each other. On this study we tried to relate the other point in reference to the first point of the curve, for example as shown in table 3 for 95B bust size. HC1  10  HC11  HC11  HC11  HC11  HC11  HC11   2nd Horizontal Curve   HC2  10  HC21  HC21  HC21  HC21  HC21  HC21   3rd Horizontal Curve   HC3  8  HC31  HC31  HC31  HC31  HC31+5  HC31-2   4th Horizontal Curve   HC4  8  HC41  HC41  HC41+2  HC41+4  HC41+7  HC41   5th Horizontal Curve   HC5  8  HC51  HC51  HC51  HC51  HC51 + 5  HC51 -2   6th Horizontal Curve   HC6  10  HC61  HC61  HC61  HC61  HC61 + 3  HC61 -2   7th Horizontal Curve   HC7  10  HC71  HC71  HC71  HC71  HC71  HC71-2 Out Line points
In similar trend, we conceived the bust sizes of 90B, 90C, 90D and 90DD with the change in parameter as shown in Figure 18 . For realizing those different volumes of the bust sizes of 90, we used the initially realized adaptive bust, 95B size.
90B
90C 90D 90DD While realizing the new volumes of bust we need to aware two things. First, if we want to change the sizes of the bust, i.e. 80, 85, 90, 95, 100, etc., the parameters of the outline of the bust has to change. This change will define the cup size of the bust size which is responsible by the changing of the surface point parameter. The second one, even if the change of the parameter is relative while conceiving new volumes of bust, few point parameters need to be changed to get smooth and accurate surfaces.
Comparison of 3D/2D pattern with traditional 2D pattern
The 2D traditional bra pattern for cup size 90B using the theoretical (standard) measurement [9] has been developed. By using the traditional 2D pattern making, the final shape of bra pattern for 90B standard size is presented figure 19 . For comparison, the flattened 2D/3D patterns for cup size 90B from respective 3D adaptive mannequin were also introduced (figure 20). As you see in figure 21 , the result of the patterns conceived in 2D for size 90B and the patterns conceived in 3D for bust of size 90B are more or less similar, we can say we have a good result at hand. After comparing and adjusting with the standard 2D pattern the size of the adaptive bust can now be changed and the patterns will change relatively as well.
Conclusions
In this particular study the testing of the adaptive corset with changes of parameters to conceive varying volumes of the bust revealed that using good parameters was all required to get the bust of a correct size. Conceiving the 3D patterns on the 3D bust and then comparing it with 2D patterns also gave a satisfactory result. Determination of this different volume of breast will help us for the developments of customized female bullet proof vests by punching method with the same volumes of breast to accommodate the bust area. This will enhance the fitness as well as the ballistic performance which was affected by the traditional cut and sew methods. However this research needs further study in terms of establishing the equation that determines the change of parameters with the change in the cup size. This parametric equation will reduce the tedious procedure to change the parameter and the trial and error methods to conceive the different adaptive bust. A detailed study in this direction will help us also to define parameters and obtain a perfect customized corset surface as well.
Introduction
Radiation used in medical applications with the aim of diagnosis and therapy affects both the patients and the physicians at particular levels [1] . The aim of the personal radiation protection is to preserve patient's body which are out of the target area and to minimize the radiation level that has a repetitive impact on the physicians. For protection purposes, aprons made of layered thin lead sheets are used. However, the toxicity level of the lead is quite high and it causes some environmental problems during its disposal. Also, due to their non-flexible properties, they have bending problems which ends up with cracking [2, 3] . Protective fabrics/sheets with the content of radiopaque materials are used for personal shielding and they might be converted to wearable forms like aprons, collars [4] [5] [6] [7] [8] [9] . In the study presented, sewability of x-ray protecting aprons in which lead layers were replaced by layered coated fabrics was investigated. Accordingly, appropriate thread type, needle count and needle type alternatives were studied for sewing x-ray protective fabrics coated with tungsten, bismuth and barium sulphate powders while minimizing the damage on the coated fabrics that may deteriorate the x-ray attenuation performance of protective fabrics. Moreover, forces acting on the needle during the sewing process were measured and SEM images were obtained to evaluate the needle damages on the coated fabrics.
Materials and Method
In commercial lead aprons, lead sheets (2) are covered by linings on both sides (1) and a bias tape (3) is used during the sewing operation to combine all the layers (Figure 1 ). In our study, the lead sheet is replaced by layered coated fabrics. Each layer of the x-ray protective fabric was coated on one side and composed of radiopaque powder-silicone rubber coating and 100% cotton, plain weave fabric as the textile base. Bismuth, tungsten, and barium sulphate powders were used as radiopaque powders in the coatings at the same weight ratio of 60%. The properties of the samples are given in Table 1 . Single needle, high speed, 591 D300A model, Singer lockstitch machine was used for the sewing trials. This machine allows working with a variety of needle sizes within a range of #7 to #11. Sewability test (ITV Denkendorf) was performed in order to identify the sufficient force to actualize the sewing process for the coated fabrics. The measurement of the stitching force is a method developed by the ITV-Denkendorf. A needle plate sensor below the needle plate of a sewing machine records the stitching force [10, 11] . During the test, Pfaff 1183 sewing machine and DBx1 BP SES NM 80 R type needle were used. 50 needle sinking samples were taken for each of the three tests. Finally, the surface of the coated fabrics after the sewing operation was determined using a Carl Zeiss Ultra Plus Field Emission scanning electron microscope (SEM).
In order to determine a suitable sewing process for joining the coated structures, sewing trials were experienced using different needle and sewing thread types, needle sizes and stitch densities. The thickness of the shielding material is a critical parameter which has an effect on x-ray attenuation. Therefore, the number of fabric layers can be multiplied to reach the required protection levels, where one layer of fabric cannot attenuate the x-rays at needed levels [6, 7] . Therefore, the protective coated fabrics were layered and were sewn together. Sewing parameters used during the sewing trials are presented in Table 2 . At the beginning of the study, the coated layers were sewn using number 11 needles. In order to minimize the needle hole dimensions formed on the fabrics, further sewing trials were performed using finer needles and it was observed that the coated layers could be successfully sewn using number 7 needle.
During the sewing trials performed using various combinations of needle and thread types, problems such as clogging of the needle eye by the sewing thread, difficulty in handling the material to the sewing region by the operator, sewing thread breakages were observed. Taking these problems into consideration and with an intention to keep the holes formed on the coated fabrics as small as possible, the sewing parameters were determined as;
 slim pointed type of standard needles with a size of 7,  18 Tex corespun polyester yarn,  5 stitches/cm stitch density.
Results and Discussion
The highest forces recorded during sewing were those that were acting on the needle eye. Mean of three measurements, maximum and minimum forces on the needles when sewing the base fabric, the single layer and the layered samples are presented in Table 3 . As can be seen from the table, Bi-SR coated fabric produced the highest forces while BaSO4-SR coated one gave the lowest.
The layered coated fabrics were, then, placed between 2 polyester linings (87 g/m 2 ) and using a polyester 2/2 warp rib bias tape they were sewn in the warp direction. After the sewing operation, the needle holes formed on the top layer of the coated fabrics were examined by SEM. Examples of the damages on the coatings are presented in Figure 2 The damage caused by the sewing needle on the bismuth and tungsten coated fabrics is observed to be in the form of cracks. The dimensions of the opening in the cracks of the tungsten coating were observed to be smaller than those of the bismuth coating, in general. The crack on the tungsten sample proceeded starting from the needle hole at a level close to the coating surface. In case of the bismuth coated sample, however, the damage caused by the needle expanded in such a way that it turned into a much greater hole on the coating. For the BaSO4 coated fabrics, the damage is in the hole form instead of a crack. The opening on this sample is observed to be bigger than the openings of the other coatings.
The differences between the forces acting during the sewing process and the damages formed on the coatings might be due to the differences in the additive volume ratios on the coated fabrics as well as to the use of different radiopaque powders.
It was stated in the literature that fabrics exhibiting higher penetration forces exhibit sewing damage, however, the inverse statement may not always apply because a fabric exhibiting low penetration forces may not always present less sewing damage [12] . The particle loading of additives also affects the mechanical properties of polymer composites [6] . Although the weight ratio of the additives in all samples is 60%, as may be seen from the Table 1 , the volume ratio in the coating is 27.23% for the barium sulphate additive, whilst the bismuth volume ratio is 14.41 and tungsten volume ratio is 7.4%, due to the differences in their densities. In a previous study by Aral et al. [6] it was found that the barium sulphate embedded silicone rubber coating with higher particle loading showed poor durability against repetitive folding in comparison the tungsten one. This was explained by the fact that the flexible character of the matrix might have been weakened by high powder volume ratio. Weak flexibility of the BaSO4-SR coated sample might have resulted in the formation of the biggest openings.
Bismuth (Bi-SR)
Tungsten (W-SR)
Barium Sulphate (BaSO4-SR) Figure 2 . SEM images of the top layer of the layered coated structure
Conclusion
In this study, appropriate parameters for sewing alternative x-ray shielding protective aprons, in which the lead sheets are replaced by layered coated structures, are studied. The test results showed that in order to keep the damage as small as possible, number 7 gold reinforcement needles can be used. The type of the sewing thread should also be determined according to the needle employed. Considering the forces acting on the coated structures, sewing the BaSO4 coated fabrics was easier, however they had the biggest openings in the damages caused by the sewing needle. As further studies, sewing trials on samples having coatings with various additive ratios from different radiopaque powders can be suggested. Number of the layers being sewn can also altered accordingly. X-ray penetration through the damages caused by the needles on both alternative aprons and conventional lead aprons can also be compared. Damages on the other layers of the coated structures can be examined. [7] Aral N, Nergis FB, Candan C 2016 The x-ray attenuation and the flexural properties of leadfree coated fabrics. Journal of Industrial Textiles [8] Aral N, Nergis FB, Candan C 2015 An alternative X-ray shielding material based on coated textiles. 
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Introduction
Fire-retardant fabrics are textiles that are naturally more resistant to fire than others through chemical treatment or manufactured fireproof fibers. Four approaches can be considered to reduce the flammability of textiles: First is, to use inherently flame retardant textiles comprising the so called high performance fibres (e.g., polyoxazoles, polyether etherketone, polymides, carbon, asbestos, glass, polibenzimidazol, kyrol, polifenilensulfur and aramides) [1, 2] . Second is changing the structures of fibers by copolymerization (chlorine content) and chemical modification. The flame retardant monomer takes part at the chain structure of the polymer. The examples are: FR polyester, FR polyamide, FR wool [3] . One of the classic solutions to flame retard polyester is to incorporate a comonomeric phosphinic acid unit into the PET polymeric chain. Third is to incorporate flame retardants into synthetic polymer before spinning process. These chemicals are organic phosphor, antimon oxide, organic halogen compounds, inorganic magnesium hydroxide and inorganic boric acid. The last is surface treatment of fabric with fire retardant chemicals. This method is preferred especially for the upholstery fabrics [4] [5] . Polyester, mainly poly(ethylene terephthalate) has been widely used for textile fiber, technical fiber, film and bottles because of its good mechanical properties and thermal stability and its low production cost. As interest on the danger of fire, the demand for flame retardant (FR) polyesters has been strong [6] . There are some studies concerning the investigation and comparison of fire retardant polyester fabrics treated with different flame retardancy methods (such as surface treatment, using yarns having the flame retardant property…etc) [7] [8] [9] [10] . Yu et al. (2015) made an investigation about the flame retardancy and conductive properties of polyester fabrics coated with polyaniline. The performance of flame retardancy and conductivity of polyester fabrics were studied by Limiting Oxygen Index (LOI) and cyclic voltammetry measurements [7] . Carosio et al. applied a novel method to improve flame retardant properties of textile fabric using multilayered thin films. PET fabrics were coated with silica nanoparticles using layer-by-layer assembly [8] . Yang et al. have evaluated and analyzed the performance of flame retardant textiles They applied MCC to evaluate the flammability of different textile fabrics including cotton, rayon, cellulose acetate, silk, nylon, polyester, polypropylene, acrylic fibers, Nomex and Kevlar [9] . Kotresh et al. (2006) made an investigation about the burning behavior of commercial flame retardant (FR) polyester curtain fabric samples with varying weights in the range of 300-550 g/m 2 is by using cone calorimeter [10] . As a result of the literature survey, it was observed that there are limited experimental studies about the comparison of burning behavior of polyester fabrics treated with different flame retardancy methods. This study also aims at filling the gap in the literature about the studies on the fire resistance performance of polyester fabrics with TREVIRA CS yarn by investigating the flammability degree in terms of mass loss ratios (%) of the fabrics.
Materials and Methods
In the study, a total of 18 different polyester drapery fabrics varying with fabric types, weave types and weft densities were woven on Dornier Staubli Jacquard Machine. Table 1 displays the experimental design of the study. For example, TR40S means that the fabric having a weave type of for 1/10 weft satin Z (3) is woven with Trevira CS weft yarn at 40 wefts/cm. The 75 denier /36 fil, 800 tpm (Z direction) Fdy Trilobal Bright Flat polyester was used as the warp yarn and warp density was selected as 60 warps/cm for all group of fabrics. In WT and FR coded fabrics, 30/2 600 tpm (S direction) staple ring polyester yarn was selected as weft yarns. In FR coded fabrics, thermoplastic polymer dispersion called Afflamit TSP containing phosphorus and nitrogen compounds was applied for the flame retardancy treatment. The TR Coded fabrics were produced from the same warp yarns with the other groups but with a different weft yarn of Trevira CS polyester which is a flame retardant yarn. A testing device of NFP 92-503 was used in order to measure the mass loss ratios (%) of the fabrics in the weft and warp direction for the flammability test. The fabric samples were inclined at 30⁰ to the horizontal and were subjected to a radiant heat flux for 5 minutes and flaming ignition source was applied to the heated fabrics. Figure 1 displays the NFP 92-503 Electric Burner Testing device [11] . All statistical procedures were conducted using the SPSS 23.0 statistical software package. In the study completely randomized single factor (fabric type) analysis of variance (ANOVA) and Student-Newman-Keuls (SNK) tests were used. The value of significance level (α) selected for all statistical tests in the study is 0.05. The treatment levels were marked in accordance with the mean values, and any levels marked by different letter (a, b, c) showed that they were significantly different. 
Results and Discussion
The mass loss ratios (%) of the fabrics in weft and warp direction in the flammability test were shown in fig.2 and fig.3 respectively. It was observed that the minimum mass loss ratio (%) in weft direction was obtained as 0.15 from the TR44R coded fabrics and the maximum mass loss ratio (%) in weft direction was obtained as 4.36 from the WT40S coded fabric; while the minimum mass loss ratio (%) in warp direction was obtained as 0.40 from the TR44S and TR44R coded fabrics and the maximum mass loss ratio (%) in warp direction was obtained as 2.90 from the WT36S coded fabric. The results of the of ANOVA test indicated that at all weft densities, the fabric type had significant effect on the mass loss ratios (%) after burning for warp and weft directions. In another explanation, for all weft densities, there were statistically significant (5% significance level) differences between the mass loss ratios (%) of different fabric types in the warp and weft direction. The SNK results at Table 2 revealed that the mass loss ratio (%) of TR and FR coded fabrics were statistically in the same level and were lower than the mass loss ratio (%) value of WT coded fabrics at the weft density of 36 and 40. The minimum mass loss ratio (%) in the weft direction for weft density of 44 was obtained as 0.17 % from TR coded fabric and the maximum mass loss ratio (%) was obtained as 1.3 % from WT coded fabric. The SNK results at Table 3 revealed that the mass loss ratio (%) of TR and FR coded fabrics were statistically in the same level and were lower than the mass loss ratio (%) value of WT coded fabrics at the weft density of 36 and 40. The minimum mass loss ratio (%) in the weft direction for weft density of 44 was obtained as 0.15 % from TR coded fabric and the maximum mass loss ratio (%) was obtained as 1.3 % from WT coded fabric and the values were statistically different for all the fabric types. The SNK results for the warp direction at Table 4 revealed that the mass loss ratios (%) of TR coded fabrics were lower than the mass loss ratios of FR and WT coded fabrics at weft densities of 36, 40 and 44. At the weft density of 36, the maximum mass loss ratio was obtained as 2.9 % from the WT coded fabrics and there was statistically significant difference between the mass loss ratios of all types of fabrics. At the weft density of 40, the mass loss ratio of FR and WT coded fabrics were statistically in the same level and statistically higher than TR coded fabric. At the weft density of 44, the mass loss ratio of TR and FR coded fabrics were statistically in the same level and lower than WT coded fabric. The SNK results for the warp direction at Table 5 revealed that the mass loss ratios (%) of TR coded fabrics were lower than the mass loss ratios of FR and WT coded fabrics at weft densities of 36, 40 and 44. At the weft density of 36, the minimum mass loss ratio was obtained as 0.7 % from the TR coded fabrics and there was statistically significant difference between the mass loss ratios of all types of fabrics. At the weft density of 40, the mass loss ratio of TR coded fabric was statistically lower than FR and WT coded fabrics which were statistically in the same level. At the weft density of 44, the mass loss ratio of TR and FR coded fabrics were statistically in the same level and lower than WT coded fabric. It can be concluded from the results that weave type did not affect the tendency of the fabric types against burning test. 
Conclusion
After evaluating the test results, it should be emphasized that the mass loss ratios (%) of the fabrics with Trevira CS polyester weft yarn had the lowest value which indicates that Trevira CS polyester "a special modificated fiber" provide a higher flammable property to the fabric than the surface treatment of fabric with fire retardant chemicals. This study is thought to be useful for the new studies concerning the effect of fire retardancy methods and fabric structures to the other physical properties of fabrics like tear resistance and flexural rigidity. Abstract. This study investigates new intumescent formulations based on lignin and phosphinates to improve the flame retardant properties of Polyamide 11, while preserving the bio-based characteristics of this latter. Lignin has the advantage of being a bio-based compound and can be effectively used as carbon source for the design of intumescent systems in combination with other flame retardant additives. Metal phosphinates belong to a novel class of phosphorus flame retardants. Despite their increasing use, there is lack of scientific understanding as far as their fire retardancy mechanism is considered, especially in char forming polymeric materials. In this context, Polyamide 11 was melt blended with lignin and metal phosphinates. The possibility of melt spinning the prepared blends were assessed through melt flow index (MFI) tests; thermogravimetric (TG) analyses and cone calorimetry tests were exploited for investigating the thermal stability and the combustion behaviour of the obtained products, respectively. MFI results indicate that some formulations are suitable for melt spinning processes to generate flame retardant multifilament. Furthermore, the combination of lignin and phosphinates provides charring properties to polyamide 11. Finally, cone calorimetry data confirmed that the designed intumescent formulations could remarkably reduce PHRR through formation of protective char layer, hence slowing down the combustion process.
Introduction
Recently, bio-based polymeric materials are being exploited for various textile applications to address growing environmental concerns due to the shortage of petroleum resources and pollution caused by synthetic polymers. Polyamide 11 (PA11) is one of the bio-based polyamide increasingly used for various applications including manufacturing of textile fibers [1] . However, the low flame retardant properties of PA11 limit its applications in electronics, in the automotive sector and for high performance textiles. Among other halogen-free flame retardant process, intumescence process is one of possible ways to provide PA11 with flame retardancy. In particular, an intumescent formulation based on lignin and phosphinate could be incorporated during the melt spinning process. Recently, lignin has shown great potential as bio-based flame retardant additive because of its high char yield after decomposition ascribable to its aromatic framework. It is well known that the ability to form char during the thermal degradation is a fundamental aspect of flame retardant intumescent systems. Charring properties make lignin an important candidate as a carbon source in combination with other flame retardant additives in intumescent formulations [2] . Metal phosphinates, namely Zinc phosphinate and Aluminum phosphinates (ZnP/AlP) are used as synergists with low sulfonate (4 wt.%) alkali lignin (LSL) to enhance fire performance of PA. Metal phosphinates are considered very efficient due to their high phosphorus content, thermal stability, low toxicity and low solubility in water and in common organic solvents [3] .
This work is aimed at demonstrating the possibility of using lignin/phosphinates combinations for conferring flame retardant features to PA11. More specifically, the proposed new formulations were melt-blended in the polymer, using an extrusion process. MFI results were exploited for assessing the feasibility of melt spinning for producing flame retardant fibers; furthermore, the thermal stability and charring ability of the resulting blends was evaluated by using thermogravimetric analyses. UL94 vertical flame spread tests were utilized for determining flame propagation and total combustion time of the prepared blends. Finally, their combustion behavior was assessed through cone calorimetry tests performed under 35 kW/m 2 heat flux.
Experimental
Materials
A bio-based Polyamide 11 (Rilsan® BMNO-TLD; M n =17,000 g/mol, MFI=14-20 g/10 min at 235 ºC), was supplied by Arkema (France). The alkali lignin (LSL) with low sulfonate content (4% of sulfur) used in this study was purchased from Sigma Aldrich (France). Two different types of phosphinates were used, namely: Zinc phosphinate (Pekoflam SMAp, supplied from Archroma, France) and Aluminum phosphinate (Exolit OP 1230, supplied by Clarient).
Preparation and characterization of the flame retardant blends
The pellets and additives were dried for 12 hrs at 80 °C before extrusion. Different PA/LSL/(ZnP/AlP) formulations were prepared using co-rotating twin-screw extruder (ThermoHaake, screw diameter 16 mm and L/D 25), within 170 and 220 °C; the rotation speed was fixed to 100 rpm. The obtained monofilaments were pelletized before use. Different analytical tools were employed for evaluating thermal stability and flame retardancy. The fluidity of the different blends was measured by Melt Flow Index (MFI) tests, performed at 220 °C with 2.16 kg weight, using ThermoHaake apparatus. Thermal stability of blends was studied by thermogravimetric (TG) analyses in N 2 at heating rate 10 °C/min from room temperature to 700 °C. The flammability properties were assessed by vertical flame test method according to IEC 60695-11-10 is well known as UL 94 flammability test. Fire retardant properties were evaluated by using cone calorimetry test according to ISO 5660 standard procedure. PA90-LSL10  90  10  --PA80-LSL20  80  20  --PA90-AlP10  90  -10  -PA90-ZnP10  90  --10  PA80-LSL10-ZnP10  80  10  -10  PA80-LSL10-AlP10  80  10 10 -
Result and Discussion
Fluidity and Melt spinnability
The fluidity and melt flow viscosity of the different blends were measured by MFI tests. The MFI values have significant impact on determining spinnability conditions and possibility of melt spinning.
As shown in Fig. 1 , the addition of lignin in PA11 progressively decreases the fluidity of the polymer blend. This reduction in MFI could be attributed due to extensive cross-linking and strong intermolecular interactions taking place in between the polymer chains and lignin. However, the formation of lignin aggregates could also justify the increase in viscosity [4] . The same MFI trend is observed when AlP is blended alone with PA. Nevertheless, the incorporation of phosphinates in the PA11-LSL systems (i.e. PA11/LSL/(AlP/ZnP) samples) turns out to increase the fluidity and MFI values; furthermore, the interactions between phosphinate and lignin may contribute to achieve a good filler distribution and to an enhanced miscibility. The fluidity increase observed for PA11/LSL/(AlP/ZnP) systems make these blends compatible with the spinning process. 
Thermal decomposition
The thermal decomposition of PA11, lignin, phosphinates and of the resulting blends in N 2 was evaluated by thermogravimetric analyses: the typical TG curves are shown in Fig. 2 . PA11 exhibits a single decomposition step, which takes place in between 400 and 450 °C without generating any char residue. Neat Lignin shows a slow rate of weight loss from 60 to 300 °C, leading to the formation of a higher residue (~60 wt.%) at 600 °C. Phosphinates (AlP/ZnP) are also characterized by a sharp single degradation step occurring between 450 and 500 °C; in particular, ZnP shows a higher char residue (~20 wt.%) with respect to AlP (~7 wt.%) at 600 °C [5] . In the presence of lignin and phosphinates, the degradation of PA11 is shifted towards higher temperatures by about 50°C; furthermore, the char residue approaches about 10 wt.% at 600 °C.
Fire retardancy
Cone calorimetry tests were exploited for assessing the combustion behaviour of PA11 and its blends. The HRR curves as function of time, using a heat flux of 35 and 25 kW/m 2 are shown for varied materials in Figs. 3a and 3b , respectively. The data concerning time to ignition (TTI), peak to heat release rate (PHRR) and total heat release (THR) are collected in Table 2a and 2b. wt.% lignin in PA11 slightly modifies the combustion behaviour of this latter, as HRR drops by 30%; furthermore, a two-step combustion process, which is generally accepted [6] , occurs. More specifically, the first peak (635 kW/m 2 ) can be attributed to formation of char layer and is followed by plateau, whereas the second peak (675 kW/m 2 ) corresponds to destruction of the char layer. Further increasing the lignin content (up to 20 wt.%) reduces the TTI (36 s) drastically. In addition, PHRR decreases with increasing the lignin content. Moreover, there is a modification in shape of the curve that changes from a two-step process to a single step combustion; this leads to the maximum reduction in PHRR (~54%) due to barrier effect.
As shown in Fig. 3b , HRR curves at 25 kW/m 2 for AlP alone in PA11 and AlP with LSL in PA11 are discussed. HRR curves for PA-LSL systems are already discussed before and not repeated, since the nature of curves are same. It is worth noticing that AlP alone does not enhance the combustion behaviour of PA11. Intumescent formulation of PA11/LSL/AlP shows steady increase of HRR and substantial reduction in PHRR (~53 %) and THR (~16 %) observed due to protective char layer formation and flame retardant property increases.
Flammability test
UL94 vertical flame tests were exploited for evaluating the flame propagation and total combustion time of varied blends. This test is a small-scale laboratory screening procedure for comparing the relative burning behaviour of vertically oriented specimens which are classified in to non-flammable (V-0), less flammable (V-1), flammable (V-2) and highly flammable (Non-classified) rating. The data regarding combustion time, weight loss, burn length and their respective rating are reported in Table 3 . Pure PA11 shows longer combustion time which results high flammability properties of material. The addition of lignin alone increases total burning time and weight loss and material is not classified. This behavior could be attributed due to degradation of lignin at lower temperature. However, presence of ZnP/AlP in PA11 does not lead any flame retardant properties as compare to PA11. Nevertheless, combination of LSL and ZnP/AlP decreases total combustion time, mass loss, burn length and thus material classification upgraded to V2. It is worth noticing that intumescent formulation seems to be effective in case of PA11-LSL-(ZnP/AlP) blends which enhanced flame retardant properties of blends.
Conclusion
In this work, lignin, a bio-based compound, was utilized as an effective carbon source in combination with phosphinates for providing PA11 with flame retardant properties. In particular, these two additives were able to confer an intumescent behaviour to the polymer, favouring the formation of a protective char layer. Furthermore, MFI results demonstrated that it is possible to melt spin blends of PA11 with the design intumescent formulation, hence generating to multifilament fibres suitable for developing fire retardant fabric structures.
Introduction
Silver, is an inorganic compounds with a high bactericidal activity, have been widely applied in medicine to inhibit colonization by the bacteria on prostheses, dental materials, and wound dressing, and to reduce infections in burn treatments [1] [2] [3] . Antimicrobial activity mechanisms of silver are given in Table 1 . Intermingling process is used to produce composite yarn in this study. Increasing economic constraints on the textile industry brought forward alternative and less expensive methods to conventional techniques. Intermingling is an alternative technique for yarn blending process [4] . Yarns having different features can be combined by feeding the same intermingling jet. This process is defined as commingling. The commingling process diagram is given in Figure 1 . 
Material and Method
Material
In this research, it is aimed to investigate antifungal properties of fabrics knitted by metalized silver/polyester composite yarn. For this purpose, standard textured polyester yarns were commingled with silver metalized polyamide yarn. The properties of filaments used in the study are given in the Table 2 . 
Method
Metal filaments were commingled with 795 denier textured polyester yarn by Hemax brand HMX114 intermingling machine. Intermingling pressure was set at 5 bar and the speed was set at 150 m / min. Intermingling machine's unit and commingling process diagram are shown in Figure 2 . Composite yarn was knitted to single jersey fabrics by IPM brand sample type circular knitting machine. Laboratory type circular knitting machine's specifications are given in Table 3 . Image of knitted fabric that was taken with a digital camera microscope at 20x magnification ratio are given in Figure 4 . Figure 4 . Image of knitted fabric Antifungal activity test was applied to sample against Aspergillus Niger according to AATCC 30 -Part 3. Aspergillus Niger can grow on textile products without causing measurable breaking strength loss within a laboratory experimental time frame. Nonetheless, their growth may produce undesirable and unsightly effects. This procedure is used to evaluate textile specimens where growth of these fungi is important. In this method, treated textile samples are placed onto agar plates and are inoculated with spores of Aspergillus at 28 °C for 7 days. Results are assessed visually as there is fungal growth on sample or not [5] .
Results and Discussion
According to test results, A. Niger can easily grow on knitted fabric by textured polyester. When metalized silver is added the yarn structure about 5 % by mass, product shows antifungal activity against A. Niger. Test samples are given in Figure 5 . When Figure 5 is examined visually, it can be seen that there is no fungal growth on fabric knitted by metalized silver composite yarn. If the amount of metalized silver is increased in composite yarn, stronger resistance can be provided. As a result of research, it has been identified that the application provides antifungal activity to fabric.
Standard Fabric
Fabric including metalized silver Trevira CS® 29.0-30.0 [17] Para-Aramid 29.0 28 < LOI < 100 -Self extinguishing [17] Meta-Aramid 30.0
Source: Compiled from references indicated in Table. 6. Conclusion Despite the difference in characteristics and end-use of the analyzed textiles, it is evident that there is not the same degree of concern about the flammability of textiles of flight attendant working cloths (flammable) than lining textiles inside the aircraft (self-extinguishing). Despite of the occurrences of fire outbreaks in aircrafts are unexceptional, the safety must be ensured. In an aboard fire situation, if the uniform is flammable, this fact could make impossible to keep the appropriate firefighting actions and limit the attendants' acting as flight safety agents. Thus, the use of other materials and
